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Chronic obstructive pulmonary disease 
(COPD) is a major cause of morbidity and 
death in the smoking population. The dis¬ 
ease usually develops insidiously over many 
years, and it is not until lung function has 
been significantly impaired that the disease 
can be diagnosed with certa'rnty by radio- 
logic and pulmonary function tests. A 
quantitative test that is capable of identify¬ 
ing the presence of lung damage at an early 
stage, before symptoms develop, could be 
- useful in i identifying those people who are 
at risk and!possibly in monitoring the pro¬ 
gression of the disease. - ^ 

The connective tissue protein elastin is 
largely responsible for maintaining elastic¬ 
ity, of major blood vessels and lung tissue. 
In experimental ianimal imodels of emphyse¬ 
ma, the major emphasis has been on the de¬ 
struction of the mature elastic fiber by se¬ 
lective proteases administered by aerosol or 
intratracheal instillation] In these systems 
there is a strong correlation between i the 
production of emphysema and the cleavage 
of insoluble amorphous lung elastin (1-5). 
In humans it is also likely that destruction 
of the elastic fiber is a prerequisite for the 
development of the disease. 

’ One possible approach to the problem of 
early detection and monitoring disease de¬ 
velopment is the immunologic identifica¬ 
tion of peptides derived from lung elastin i 
degradation that may appear in the serum. 
As a first step in exploring the possibility, 
we obtained antibodies in rabbits against 
peptides prepared by oxalic arid or dog 
neutrophil elastase digestion of purified dog 
lung parenchymal elastin, and used these 
antibodies to identify and quantitate elastin- 
derived peptides in the scrums of dogs in 
which emphysema had been induced by the 
aerosol administration of porcine pancreat¬ 
ic elastase (6). 

In the present work we have prepared an¬ 
tibodies to peptides derived from human' 
lung parenchymal elastin and used these an¬ 
tibodies in an enzyme linked immunosor¬ 
bent: assay (ELISA) to quantitate eiastin- 
derived peptides in the serums of normal 
control nonsmoking individuals, smokers 
without evidence of disease, and individuals 
with GOPD. The data suggest that among 
the three groups, the COPD patients had 
the highest levels whereas the normalinon- 
smokers hadi the lowest. Further investiga¬ 
tions with larger numbers of subjects are 
necessary to determine whether the test will 
be useful in the study of human emphysema. 


SUMMARY Chronic obstructive pulmonary disease (COPD), a major cause of morbidity and 
ddatb In the smoking population, develops Insidiously over many years, and usually significant 
> Impairment of lung function has occurred before the disease Is diagnosed. It is likely that 
destruction of the elAslic fiber is a prerequisite for the development of the disease, and it is possi¬ 
ble that immunologic identification in the serum of peptides derived from lung elastin degrada- 
: tton might be an effective approach to the early detection and monitoring of the disease. We 
■ prepared antibodies to peptides derived from human lung parenchymal elastin and used these 
antibodies In an enzyme-linked immunosorbant assay to quantitate e!astin-derived peptides in 
the serum of 39 normal control nonsmokers, 33 smokers with normal lung function, and 40 pa¬ 
tients with COPD. On average, statistically significant higher levels of el as tin-derived peptides 
were found in the normal smokers and COPO patterns compared to the controls. Further work 
with larger numbers of subjects is necessary to determine whether such a lest is effective In Iden¬ 
tifying those individuals who are at risk of devetoping COPD. 
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Methods 


Purification of Elastin and Antibody Pro¬ 
duction - - 

The amorphous component of human lung 
elastin was prepared by minor modification 
(7) of the procedure of Lansing and co¬ 
workers (8), and amino acid analysis of the 
preparation showed that it was highly puri¬ 
fied elastin. Enzymatic digests of the elastin i 
were prepared by incubation with purified 
human neutrophil elastase (HNE), I en¬ 
zyme per mg amorphous elastin, for 24 H at 
37 p C in 0.05 M Tris, 0.14 M NaCl, 0.02% 
Na-azidc pH 8.0. The reaction was termi¬ 
nated by the addition of 5.0 pJ of 0.1 M di- 
isopropyl fluorophosphate per ml incuba¬ 
tion, the reaction mixture centrifuged and 
the supernatants used directly as antigens. 
The concentration of the HNE-derived elis- 
tin peptides was determined by the Lowry 
method (9), using bovine serum albumin ias 
the protein standard. 

• New Zealand white rabbits weighing 2.5 
to 4 kg were used for antibody production. 
Each rabbit received 0.5 mg of the solubi¬ 
lized elastin in a total volume ofi 0.5 ml of 
phosphate buffered saline (PBS) with an 
equal volume of complete Freunds adju¬ 
vant. The antigen was administered subcu¬ 
taneously with multisite injections. Subse¬ 
quent immunizations consisted of 0.25 mg 
of elastin peptides delivered weekly for ati 
least 2 months. Seven to 10 days after the 
last injection, the animals were blid by veni¬ 
puncture, the serums collected by centrifu¬ 
gation, and stored at 4° C in 0.02% NaN, 
until ready to use. Antibody titers for each 
animal were determined! by a passive he¬ 
magglutination assay previously described 
( 6 ). 


Enzyme-Linked Immunosorbent Assay 
Prior to the assay, the IgG fraction of both 
preimmune and immune serums was pre¬ 
pared by precipitation with 35% (NH 4 ) 2 
S0 4 . The precipitate was collected by cen¬ 
trifugation at 15,000 g for 15 min] suspended! 
in PBS, pH 7.2, and dialyzed exhaustively 
in the cold against the same solution. The 
dialyzed proteins were stored at 4° G at a 
concentration of I mg/ml in PBS, contain¬ 
ing 0.05% NaN). Protein concentration of 
the partially purified antibody was deter¬ 
mined by measuring the absorbance at 280 
nm using an extinction coefficient] E}*;, of 
14. All subsequent dilutions were made 
. from the above stock solutions. 

The assay was conducted essentially as 
described by Engvall and Pearlmann (10) 
with slight modifications (11); Polystyrene 
tubes (11 x 55 mm) were coated with HNE- 
h urn an lung elastin 1 peptides by incubat ion ■. 
with 2.0 ^g/ml peptides at 37° C for 24 h in> 
0.1 carbonate pH 9.6 containing 0:02% 
NaN,. rinsed with PBS, and stored at 4° C 


1 From the Pulmonary Disease Section, Albert 
Einstein Medical Center, Philadelphia, Pa., the 
Center for Oral Healih Research, Department of 
Anatomy and Histology, School of Dental Medi¬ 
cine, University, of Pennsylvania, Philadelphia, 
Pa., and the Department of Medicine, The Grad¬ 
uate Hospital, Philadelphia, Pa. 

2 Supported by National Institutes of Health 
Research Grants AM-20S63; : AM-20553, HL- 
20994, and Grant 901 from the Council ifor To¬ 
bacco Research. 

J Requests for reprints should be addressed to 
Dr. Jbel Rosenbloom, Center for Oral Health 
Research, School of'Dental Medicine, University 
of Pennsylvania, 4001 Spruce St., Philadelphia, 
Pa., 19104. 
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Flfl.il. (A) Binding of elastin peptides. Polysty¬ 
rene tubes were coated for 24 h at 37* C with irv 
- creasing concentrations of e*asUn peptides de¬ 
rived by digestion of human el As tin with human 
neutrophil elastase, and the coated tubes incu¬ 
bated with 20 nfl/mrspecific antibody for 3 h at 
room temperature. The tubes were washed and 
ALK*RHOSPH IgG a t a 1300 dilution was added, 
thie tubes washed, and alkaline phosphatase activ¬ 
ity was determined by addition of p-nitrophenyl I 
phosphate. (B) Tubes were coated with 2 pg/ml I 
peptide for various times at 37* C and ihe binding 
of antigen determined as in (A). 


until used: Twenty micrograms of preim- 
mune IgG and either specific antibody alone 
or specific antibody plus soluble antigens 
were preincubated at 4° C overnight in glass 
tubes and each solution was transferred quan¬ 
titatively to precoated polystyrene tubes. 
The amount of specific antibody bound was 
quantitated by the addition of goat antirab^ 
bit IgG, to which alkaline phosphatase was 
covalently linked! (ALK . PHOSPH-IgG)i 
followed: by reaction with its substrate, q- 
iiitrophenyiiphosphate. After 30 to 60 min 
incubation, the color reaction was termi¬ 
nated by the addition of 0.1 ml of 1.0 N 
NaOH and the extent of reaction measured 
spectrophotometrically at 400 run. The color 
reaction is.dependent on the amount of the 
bound! ALK ■ PHOSPH-IgG which is; in 
turn, a measure of specific antibody up* 
take. A standard curve was generated using 
known amounts of elastin peptides: the 
higher the concentration of competing anti- 



ANTiBOOy protein 

Fig. 2. Titration of elastln-specific anlibody. 
r Tubes coated with 2 Mg/mli peptides were incu¬ 
bated for 3 hi with various concentrations of elAstio- 
specific antibody, the tubes washed, and alkaline 
phosphatase activity measured as in figure 1j 
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gen, the greater the inhibition of color de¬ 
velopment. Subject serums were incubated 
with a fixed amount of specific antibody 
and the concentration! of peptides deter¬ 
mined from the inhibition of the reaction: 
compared with that obtained withithe stan¬ 
dard curve. Two different amounts (25 and 
150/rl) of each serum, run in triplicate, were 
tested. ; v ; 


Patient Population Selection 1 ‘ . 

A total of 109 persons were studied. They 
were distributed into three groups: Group It 
normal nonsmokers (n = 36). Group lit 
normal smokers (nF33), and Group HI: 
COPD patients (n = 40)j who were either 
ex-smokers or continued to smoke. Spirom¬ 
etry and lung volumes were determined in 
each by using the M-800 Autobox System 
produced by SRL Inc; The results were in¬ 
terpreted using the Intermountain Thoracic 
Society criteria (12). In addition^ each pa¬ 
tient filled out a detailed smoking history 
questionnaire, and a complete history and 
physical was performed on each. 



ELASTIC PEPTlOE CONCENTRATION (ng/mlI 


Fig. 3. Standard curve of the enzyme-linked Immu¬ 
nosorbent assay: The competition assay was car¬ 
ried out as detailed in Methods in order to gener¬ 
ate the standard curve. Triplicate determinations 
were carried out at each concentration and the 
bars indicate the standard deviation., 
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Results 


Development of Assay 
To study the characteristics of the binding; 
of the elastin peptides, polystyrene tubes 
were incubated with various concentrations 
of the peptides, and the extent'of binding 
was measured using saturating amounts of 
specific antibody and goat antirabbii lgG. 
Binding was linear up to about 2 pg/m\ 'with 
comparatively little additional binding at 
higher concentrations (figure 1A)J This re¬ 
sult suggests that maximal tight binding was 
reached at approximately 2 jig/mL Binding 
was essentiallycomplete by 24 h (figure IB). 
Therefore, for all subsequent experiments, 
tubes were coated by incubation with 2 yg/ 
ml peptides for 24 h at 37° C. 

To determine the approximate concentra¬ 
tion of specific antibody to be used in the 
competitive ELISA, a range of antibody 
concentrations was tested. A linear response 
was obtained up to about 60 fig/ml (figure 
2). Therefore a limiting concentration of 20 
Kg/mi was selected for further use. A typi¬ 
cal standard curve, illustrated ini figure 3, 
demonstrates that the assay is usefulIdown 
to about 5 ng of peptide. 


Analysis of Serum Samples 

A summary of the characteristics of the 
three groups of subjects studied, from 
whom serum sample were collected j is given 
in table 1. As expected! the COPD patients 
were older, smoked longer and in greater 
quantity than the other 2 groups. The mean 
FEV./FVCTo of 50 in Group III is consis¬ 
tent with moderate obstructive lung disease, 
whereas the FEV 1 /FVCT 0 is normal in the 
other two groups (> 75Tb is normal). The 
content of reactive peptides in the serum 
samples was quantitated using the ELISA. 

The samples were assayed in a blind fash¬ 
ion and each was tested at a minimum ofi2 
dilutions, with each dilution tested in dupli¬ 
cate. Samples with less than .5'ng/ml were 
scored as zero, and only those samples that 
were self consistent were retained in the 
study. . - 

The concentration of reactive peptides 
measured in the three groups is illustrated in 
figure 4. By inspection, one may note that 
in general the samples from the nonsmok¬ 
ing control group yielded lower values and 
there was a smaller variation in the valbes 
of this group compared with the control 
smokers with no apparent disease and the 
individuals with COPD. In rhe nonsmoking 
control group, a substantial fraction of the 
samples contained no delectable peptides 
with an average value of 11L9 ng/ml and the 
maximal valiie was 42 ng/ml. In the normal 
smokers the average value was 53.5 ng/ml l 
with a maximal value of 190 'ng/ml* and in 


TABLE 1 

SUBJECT POPULATION STUDIEO 



N 

Age 

Sex 

Pack/Years 

Mean 

FEV,/FVC% 

Group 1 

Nonsmoker 

36 

34 ± 15 

22 M 

14 F 

0 

80 ± 5 

Group II 

Normal smoker 

33 

35 ± 14 

13 M 

20 F 

20 ± 19 

78 Z 4 

Group III 

COPD 

40 

57 ± 17 

28 M 

12 F 

49 ± 31 

50'±16 
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' t\. ELASTIN PEPTIDES IN HUMAN SERUMS* 


NORMAL NORMAL COLO ’- 

non-smokers SMOKERS ^ ^ r ,_. - 

fig.4. Elastin peptides in human serums. 
Samples were assayed by the EUSA described in 

I he text - L . .-.. , ... • ■'.:■■■■> 


the COPD samples the average was 81.1' 
ng/ml with a maximum of 360 ng/ml. 

Because of the disparity in the variance 
of the three groups, parametric statistics 
could not be employed; therefore, nonpara- 
meiric statistical analyses were used. The 
data were firsti analyzed by the Kruskal- 
Wallis test (13). In this test ail the measured 
values are ordered by rank and the ranks 
within the groups analyzed to determine 
whether the groups differ statistically from 
each other. The H value for the data illus¬ 
trated in figure 4 was 46.3, a value indicate 
tug that all the groups are not identical at 
the p< 0.001 level. This test, which is a pre¬ 
requisite for futher analysis, is notiinforma* 
tive with respect to which groups differ 
from each others It simply gives the proba¬ 
bility of all groups being identical. To deter¬ 
mine which groups differ from each other, 
they were analyzed by the Scheffe (^mul¬ 
tiple contrast test comparing pairs of groups. 
The results of this analysis are given in table 

2. They show that both the smoking group 
- and the COPD group have a significantly 
higher (p < 0.001) concentration of elastin- 
derived peptides than the control group. 
There also was a difference between the non- 
symptomatic smokers and the COPD pa* 
tients but'this was significant only at the p < 
0.1 level. 


Group 

, Sample 
Number 

X 

ng/mf 

R; 

Rl - Ri 

1 Control 

36 

It.9 

27.0 


2. Smokers 

33 

53 5 

60.9 

33.91 

a. copd 

40 

81.1 

75.4 

48.4t 


* Etastirvctenved peptides In the sera were quantitated 
by the enzyme-linkW immunosorbent assay described In 
the ten 

t Significant ei the p a .001 level. X Is theaverage value 
for the elastin, peptides In each of the group*, fl is the aver¬ 
age rank in each group, flj-fi, is the difference in average 
rank between either Group 2 or 3 and Group t. the control 
flroufc , . 
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u' Discussion 
The present studies represent'the first at¬ 
tempt to utilize immunologic analysis of 
elastin-derived peptides as a means of dis¬ 
tinguishing individuals with normal lungs 
from those who either presently have em¬ 
physema or are at risk of develbping it. 
Whereas significant differences between 
smokers, COPD patients, and ^control (sub¬ 
jects Have been observed, for this test to be 
useful in individual oases it must be able to 
determine whether a given value is abnor¬ 
mal relative to control values in the popula* 
tion or whether it represents a significant 
change from previous measurements of a 
given individual. To answer these ques^ 
tions, and to correlate findings with physio¬ 
logic measurements, chronologic studies on 
a larger number of individuals must be car¬ 
ried out in conjunction'with concomitant 
pulmonary function tests. 

Other investigators have used assays for 
elastin breakdown products to detect lung 
destruction i in patients with COPD. Gold¬ 
stein and colleagues (15) used a chemical as¬ 
say for urinary desmosine, Hare! and asso¬ 
ciates (16) used a radioimmunoassay for 
dtsmosine, and Damule and coworkers (17) 
used a radioimmunoassay for elastin pep¬ 
tides. Although there is some disagreement 
regarding differences between normal 
smokers and normal nonsmokers, all inves¬ 
tigators have found increased levels of elas¬ 
tin breakdown products in patients with 
COPD. It seems likely,that these assays may 
be clinically useful tests of King destruction 
after their roli is fully documented ^par¬ 
ticular clinical situations. 


KUCICH, CHR 1 STNER, UPPMANN, ET AL 

References 

li Gross PM; Babyak MA. Tolker E, Kas^all 
M. Enzymatically induced pulmonary emphyse¬ 
ma. J Occup Med 1964; 6:481-4. 

2. Johanson WG, Pierce AK. Effects of clas- 
tase. collagenase and papain on structure aruf 
function of rat lungs in vitro . J Clin Invest 1971; 
51:288-93. 

3. Marco V, Mass B, Meranze DR. Weinbaum 
G, Kimbel P. Induction of experimental emphy¬ 
sema. Am Rev Respir Dis 1971; 104:595-8. 

4. Snider GL, Hayes JA. Franzblau C. Kagan 
HM, Stone PJ, Korthy A. Am Rev Respir Dis 
1974; 10:254-62. 

5. Blackwood CE, Hosannah Y, Perman E, 
Keller S. Mandl !. Proc Soc Exp Biol Med 1973; 
144:450-4. 

6. Kutieh U.Christner P, Weinbaum G.Rosen- 
bloom J. Immunologic identification of elastic 
derived peptides in the scrums of dogs with ex¬ 
perimental emphysema. Am Rev Respir Dis 
l», 122:461-65. 

7. Damiano VV, Tsang A. Omstner P, Rosen- 
blOora J, Weinbaum G. Immunological localiza¬ 
tion of etastih by electron microscopy. Amer J 
Paih 1979; 96:439-56. 

8. Lansing A, Rosenthal TB, Alex M, Dempsey 
SW. The structure and chemical characterization 
of elastic fibers as revealed by clasiase and elec¬ 
tron microscopy. Anat Rec 1951; 114:555-75. 

9. Lowry OH, Rosenbrough NJl Farr AL, Ran¬ 
dall RJ. Protein measurement with the folih phe¬ 
nol reagent. J Biol Chcm 1952; 192:265-75. 

10J Engvall E, Pearlmann P. Enzyme-linked 
immunosorbent assay, Elisa. IU. Quantitation of 
specific antibodies by enzyme labeled anii-invmu* 
noglobulin in antigen coated tubes. J Immunol ; 
1971; 109:129-35. , 

11. Kurich U, Abrams WR, James HL. Solid 
phase immunoassay of dog neutrophil clastase. 
Anal Biochem 1980; 109:403-9. 

12. Kanner RE and Morris AH; eds. Clinical 
pulmonary function testing, Intermouniain Tho- 
radsLSooeiy, Salt Lake City 1975. 

13. Lehmann EL. Nonparametrics: statistical 
methods based on rank's. San Francisco: Holden- 
Day 1975. 

14. Miller R. Simultaneous statistical inference. 
New York: McGraw-Hill 1966. 

15. Goldstein RA. Starcher BC. Urinary excre¬ 
tion of elastin peptides containing desmosine 
after intratracheal injection of elastase in harm 
stm. J Oin.Invest 1978; 61:1286-90. 

16. Harel S, Janoff A, Yu SY. Hurewitz A. 
BeTgofsky EH. Desmosine radioimmunoassay 
for measuring elastin degradation in vivo. Am 
Rev Respir Dis 1980; 122:769-73. 

17; Damule TV, McKee Mj Damule AT; 
Turmo GMj Mandl 1. Sb!id*phase radioim¬ 
munoassay for; estimation of elistin peptides in 
human sera. Analytical Biochem 19S2; 122:302-7. 


j i! 


■i* r H . 

SV..-*. v-v--., 


v gourde.https;7 /^a/ww iodListrydocuments.ucsf.edu/docs/flkk0000 



1002968418 



